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An arithmetical caloulation in made of the flow at the mouth
of a Stanton Pitot as the Reynolds number tends to zero. A stationary
eddy is found under the lip of the Pitot. A figure is found for the
height of the effective centre of the Pitot rather greater than the
experimental value detrmined by Sir Geoffrey Taylor.

Introduction

Sir Geoffrey Taylor calibrated a fort of Stanton Pitot
experimentllY4 and suggested that a theoretical investigation would be
interesting. The present paper gives an arithmetical solution for a
partioular shape as the Reynolds number tends to zero. The quantity
reqiired is the position of the effective centre, i.e., the height above
the surface in the undisturbed stream where the velocity is that given
by p - p0 = 2 and p - p0  is the obaerved pressure rise in the
Pitot. The strelines are shown and the interesting fact emerges that
there is a stationary eddy inside the mouth of the Pitot. The zero orsurface streamline does not enter the tube at all but crosses to the lip

outside the mouth*

Problem

Pigs. I and 3 show the assumed boundaries. The mouth of the
opening is supposed to project above the lower or stationary wall of a
two-dimensional pass e. The upper wall is assumed to move with a constant
velocity of 128 units/se. The space between the walls is 61 units,
i.o 8 times the mouth width, and is filled with a visoous liqAido ThusIn the undistufted portion of the pasage e have

hwe W is taken to be unity and y is the distance from the fixed wall.
Henoe u a 2y and so i 128 on the upper wall. Thus one of the conditions
of the solution is that, ten y - 64, 3 /8y oit be 128 a1l along.
UrS!ently the gradient of i, normal to the surfaoe must be zero on all
other bounwderso To siaVlUfY matters sytry has bon asamed so that
the Pitot has a double mouth* as shown.

Method/
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The method of solution is that already described and used by theauthor in Refs. , 2 and 3. Thus we operate on two fields sir-ltansotly -
the stream function + and the vortioity .

For uniformity vAth earlier work %-ite:

2C =V2

It was considered necessary to subdivide the field closely in the
neighbourhood of the opening (see Fig.5) but obviously this interval could
not be maintained. In all, four sheets viere used with boundaries as shown
in Fig.i, the size of square being halved on each successive sheet and the
usual one square overlap being made. The boundary values fbr the * field
are obvious - zero everyvhere along the lower wall and along all surfaces
of the "tube". A method of obtaining the boundary values for has
already been given in Ref.1. To make matters clearer suppose for purposes
of explanation that we have syruetry in ' across a non-rmoving boundary.
This of course gives the required condition of aV/8y = 0 at the boundary.
Now consider a diamond lying across the boundary as shown.

\ B
Then = 4ML+V (* + ' C +4D) m ... (1

V=o A 0 but 'Ao. = = 0

Also * = + *D

Hence

c -'" =  --" ... (2)
2m2  na

Thus rven we have obtained an approximately settled V field we
can calculate the value of the vorticity on the boundary. The C field
can then be settled Then (1) or whatever formula is in use can be used to
resettle the V field. r

The above method of calculating the boundary values of C is
good enough in the early stages, but it is obviously only an approximation
assuming as it does that C is constant throughout the diamond shown.
Ref,1 gives a more accurate method but recently I induced Dr. L. C. Woods
to look into the matter and he produced the very sniple formula (as yet

unpublished) II
C - .... . ...... (3)

2n 2

He claims that this is correct up to and including fourth derivatives.
Then he showed me this formula I had practically settled all the fields.
On application it eventually produced no change sufficient to affect the
final values, but a word of warning must be given. On application it produces
a fairly violent change in a faulty field but only a fraction of this
change should be applied. r. movement in : produces a uovement in * at
opposite sign shAh tends ultiately to return Co nearly to its original

The/
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The formula I had been using was

B

AC A + Vc + * I
in "D 2 + CB + cc).... (4)
V = 0 2 n

A--- 2jn 5
D

This is easily deduced from the formula given in Ref.1 and in some cases
does not seem to produce such violent oscillations as Woods' much simpler
form. The matter needs further investigation.

The body of the work was done by the "large square" formulae
(2),) and(4), Ref .3. The difficulty of the sharp edge at the Pitot lip was
overcome by the empirical method described in connection %ith Figs. 6 and 7
of Ref.39 It must be clearly understood that the values of Co showm at
this point in Fig.5 of the present paper are artificial. A further subdivision
of the field will raise these without seriously affecting the surrounding
values. Presumably in the limit o will be infinitely large but m 6o
vanishingy small since m is the side of the square (see, e.g., formula (I)).
It will also be observed that as the squares or diamonds are made smaller
and smaller the effect of the tip value tends to be swamped by that of the
increasing number of neighbouring values in the boundary.

It will be appreciated that the solution of a problem of this
nature is very slow. Each field has to be settled time after time as the
boundary values continue to move. No claim is made that finality has been
reached in Fig.5, which shows the inner computation sheet. All that can
be said is that I consider that the values given are likely to be correct
to within a few figures in the last place. It might be mentioned that the
solution was commenced by assuming no stationary eddy in the Pitot. This
eddy gradually grew as the work proceeded until it settled at the size
shoym. For this reason I consider it certain that such an eddy does exist
at zero Reynolds number.
Results i

The streamlines are shoya in Figs- 3 and J* The pressures along
the boundary AB (Figs. I and 2) wore obtained as in Refel, and are shown
in Fige2 in the form

0 u .. (5) t
P-c= 12

mhere U is the veloolty in the undisturbed passage at a height from the
station a wall equal to the height d of the Pitot (see Fig.1) and

Upd
R a a --- ,

Put p " pc - iiq and put h a height of the effective cntre of the
Pittit eo, the height at iich % obtains in the undisturbed stream.
Then h is given by

-- -- - -- . ...... (6)
dUpd

For actual use it is more convenient to write this as
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h K
- - -... (7)

where 
d R

qlpd
V

This form permits of its application to an actual measurement
without successive approximation as q1 is calculated directly from the
measured pressure. It may be of interest to oonpare the forn of (5) with
the value found in Ref.5 for the pressure rise on the front generator of a

linder, namely

(0 + q/R) jpoV'

vhere c has a value rising to about 7*

Comparison with Taylor' s 1;xperinents

Sir Geoffrey Taylor (Rof.4) carried out experiments with a
Stanton Pitot and found a value of IC = 2.4 against ).0 for the present
ouutatin. The arrangement used by Taylor differed in several respects
from that asaed here.

(I) The Pitot shape vas dissimilar.

(2) The ratio of passage width to Pitot height was saaller.

and (3) The passage was the annularspnoe between a rotating
shaft and a cylinder.

The disorepanoy may be partially due to these differences.

• Conclusion

C clioThere seems to be a stationary eddy inside the mouth of a

tw-dimensional Stanton Pitot even as the Reynolds number tends to zero.
The effective height of the centre of the Pitot is about 4/pqi above
the wall for very low speeds where is calculated from the pressure
rise by the usual Pitot formula.

Not ti-]
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Notation

y u distance from. lower wall

d m depth of mouth of Pitot

h a height of effective contre of Pitot

q1 velocity at effectivo centre 2(p - o)/p

U = undisturbed velocity Then y d d

2n a diagonal of square

* a stream function

* vorticity

Ri  = Upd/p

R3 2 qpd-VA

K given by p-p 0  = KpU 2/2R .
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